The object of this study was tq determine the extent to which function of the mammary gland and especially its involution are dependent on the ovaries and on the suprarenal glands.. The observations were made on dogs for several reasons, namely; spontaneous mammary tumors are frequent and the neoplasms while originally local often metastasize; normal dogs have an interesting lactational rhythm in that non-pregnant females secrete milk (pseudopregnancy) twice a year; and further both suprarenal glands can be removed surgically with prolonged survival of the animal in good health, an operation as yet impossible in man (1).
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(Received for publication, July 26, 1944) The object of this study was tq determine the extent to which function of the mammary gland and especially its involution are dependent on the ovaries and on the suprarenal glands.. The observations were made on dogs for several reasons, namely; spontaneous mammary tumors are frequent and the neoplasms while originally local often metastasize; normal dogs have an interesting lactational rhythm in that non-pregnant females secrete milk (pseudopregnancy) twice a year; and further both suprarenal glands can be removed surgically with prolonged survival of the animal in good health, an operation as yet impossible in man (1) .
In dogs secretion was frequently obtained from the mammary papillae with which tumors of the breast communicate. This fluid was studied cytologically and chemically, being compared with normal milk. The amount and duration of the secretion were studied as an index of activity of the neoplastic breast. It was necessary also to collect data on the timing and extent of lactation in normal dogs, pregnant and non-pregnant. In dogs after lactation has ceased, the mammary glands do not undergo involution immediately but we found that they remain capable of stimulation by the lactogenic hormone of the hypophysis for varying lengths of time. The functional test with prolactin was of value since it is impossible from external examination of the breast of dogs in which lactation has stopped to tell whether the breast has undergone appreciable regression or is dormant and capable of functioning. This test was applied to series of normal and cancerous dogs, both intact and following removal of ovaries and suprarenal glands.
Laaalio~ in Dogs.--In the dog ovulation occurs spontaneously and is followed by corpus luteum formation and the luteal phase is prolonged (35) . The secretion of milk by virgin dogs was described by Heape (2) and Loisel (3) who thereby established that the presence of the fetus or decidua is not necessary for lactation. Loisel observed a female dog for more than 2 years, and discovered that vaginal bleeding and lactation occurred in a regular sequence semiannually. The condition of pseudo-* This investigation was supported by grants from the Committee on Research i,, Endocrinology, National Research Council and from Mr. Ben May, Mobile, Alabama. 441
~.Ax~erkRy TUMORS OF DOGS. I pregnant lactation was attributed by Marshall and Halnan (4) to prolonged preservation of corpora lutea in the ovary. In dogs, as well as in the rabbit and goat (5) milk is secreted some days before the offspring are born. No data were found for the exact duration of lactation after weaning in dogs. Lyons and coworkers (53) injected a pituitary extract containing prolactin in normal parous and non-parous dogs, and also in 3 dogs ovariectomized 1 day previously and observed lactation in all.
Mammary Tumors in Dogs.--With two exceptions, publications on this subject previously have dealt exclusively with morphologic aspects of the neoplasms: regression of these tumors was reported following the use of rubber ligatures applied subcutaneously (6) and also following injections of heptyl aldehyde (7) .
Observers (10) (11) (12) (13) (14) (15) (16) (17) are agreed that most of these neoplasms are "mixed tumors" containing, in addition to neoplastic epithelium, at times myxomatous tissue, cartilage, osteoid and bone; bone marrow of cellular and fatty types has been described (10) . The tumors are multinodular and hard, or cystic; locally they are well encapsulated and discrete, although the overlying skin is sometimes invaded. The tumors occur in dogs of middle age, usually between age 5 and 10 years (8, 9) . All breasts may be involved, but the inguinal breasts are the most common sites (11) .
The epithelium varies from small acini to large cysts, containing papillomatous epithelial processes. Several workers have stated that epithelium is the predominating element of the tumor (10, 11) and that the mesenchymal changes are secondary to it. Frequently the connective tissue stroma presents a disorganized appearance and it is difficult to distinguish epithelium from fibroblasts. It has been stated that the connective tissue (12) and cartilage (13) are derived directly from epithelium.
The epithelial element in the tumors has been found to metastasize to axillary and inguinal lymph nodes (9, 12, 14) and lung (9, 12) . Imamaki (14) has reported that subcutaneous homotransplants survived 4 weeks, and 93 days respectively.
Effect of Desoxycorticosterone on the Breast.--In large amounts (30) desoxycorticosterone acetate (DCA) stimulates mammary growth. In male and female guinea pigs DCA produces growth of the breast with lactation on cessation of injections; however, incomplete results were achieved in young guinea pigs (27) by injections of DCA, 1 rag. daily. In immature rats, DCA, 4 mg. in 16 days, produced extensive mammary growth, but one-half of this amount had only slight effect (28) . In suprarenalectomized rats (29) , DCA, 10 mg. daily, caused growth of the lobules and alveoli of the mammary gland but DCA, 5 mg. daily, did not.
Methods
Studies were made on 31 female dogs with spontaneous mammary tumors, 10pregnant dogs, and 15 normal adult females. All of the neoplasms were verified by histological methods. All of the dogs had 8, 9, or 10 breasts and these were examined for lactation at least twice each week. The amount of secretion was designated as follows: a single large drop (0.05 cc.), 4-; smaller amounts of fluid, trace; 2 large drops, (0.1 cc.), ++; larger amounts were collected in a graduated centrifuge tube and the amounts recorded in cubic centimeters--0.1 to 0.S cc. was designated A--t-+; full lactation was designated +-t--b+.
Acid and alkaline phosphatase activities were determined on the serum and milk of all the dogs by a slight modification (18) of the method of King and Armstrong (19) and the results expressed in the units of the latter authors. The milk from dogs in full normal lactation and the secretion from mammary tumors was subjected to the following chemical analyses; solids by evaporating to constant weight at 105°C.; neutral fat by extraction of the dry solids with ethyl ether and petroleum ether (20) ; chlorides (21), calcium (22) , and citric acid (23) were determined on aliquots of fresh fluid. The mammary secretions were examined for macrophages containing lipids in a hemocytometer, after staining with Sudan HI; as a diluting and staining fluid, equal quantities of physiological saline and a red solution of the dye in alcohol-acetone were mixed and allowed to stand unstoppered for 1 to 2 days to allow much of the volatile materials to evaporate; the cell counts were made about 30 minutes after mixing.
All of the surgical procedures were carried out under ether anesthesia. Suprarenalectomy was performed in two stages about 1 week apart, the right suprarenal gland being removed first. After removal of the left suprarenal, hormones were injected intramuscularly in amounts which were diminished daily until a minimal sustaining dosage was reached; either alcoholic extracts of the whole suprarenal cortex 1 two doses of 0.5 cc. per kilo on the first day, 9r suprarenal cortical hormones in oil, In total amount 1 cc. twice daily, were satisfactory in maintaining life. Sodium chloride, 6 gm. daily, was administered thereafter with the food; we found that parenteral injections of sodium chloride were often fatal so that they were Avoided. Desoxycorticosterone acetate 1 in oil, 1 mg. daily, was administered on days 7 to 14 after the complete suprarenalectomy; the dosage of this hormone was then reduced to 0.5 rag. daily, a maintainence dose which was continued indefinitely.
To test the capacity of the breast to form milk, prolactin, 15 rag. daily, was dissolved in water and injected daily for 3 days.
RESULTS

Characteristics of Dogs with Mammary
Tumors.--The chief criteria of senility in dogs are lenticular opacities and worn incisor teeth. The dogs with mammary cancer were of middle or advanced years, but many were younger than members of a comparable group of males with cystic hyperplasia of the prostate (24) .
All of the females had some cloudiness of the lens, but many were free from wearing of the teeth, a condition always advanced in males with cystic prostates. Many of the females were very fat presenting a rectangular torso;4 of the dogs had great thirst and drank 5 to 8 litres of water daily in cool weather. Five dogs gave birth to litters; 4 of the litters being cared for by the mother, while one litter was neglected.
Numerous pathological defects were present in addition to the tumors; extensive fatty degeneration of the liver in 4 dogs; cystic dilatation of intrahepatic bile ducts containing clear fluid in 3; inguinal hernia in 8; a concave lordotic spine in 2; ossification of the pleura in the form of spicules in 15 dogs, and of the thyroid glands in 1; and 1 dog had a pyometra.
Other tumors, occurring independently, were often found; 10 dogs had sub-1 Generous donations were made by Doctor David Klein, the Wilson Laboratories, Chicago, of Adrenal Cortex Extract-Wilson; by Doctor E. G. Upjohn, the Upjohn Company, Kalamazoo, Michigan, of suprarenal cortex hormones in oil, i cc. of which is equivalent to approximately 2 rag. of 17 oxy-ll dehydro corticosterone; and by Doctor Erwin Schwenk, Schering Corporation, Bloomfield, New Jersey, of desoxycorticosterone acetate and of prolactin; prolactin 1 rag. was equivalent to 20 International units. cutaneous lipomas; 3 dogs had encapsulated smooth muscle tumors of the vaginal wall, and 1 dog had a carcinoma of the uterine cornua. All of the dogs with breast tumors had tumors of the suprarenal cortex; these tumors resembled the ceils of the zona fasciculata and contained large amounts of lipid, deeply red in color when stained with Sudan dyes. These tumors invaded the medulla of the suprarenal or fungated through the surface of the gland; the medulla was displaced and often greatly reduced in amount by these benign cortical tumors. In 1 dog the tumors were the size of miliary tubercles (Fig. 4) but in all others they were very much larger. The suprarenal cortical tumors were not confined to females with breast cancer, but were found often in other old dogs, both male and female. The suprarenal glands of 17 dogs with breast tumor weighed from 0.75 to 3:99 gm., the median weight being 1,3 gm., inclusive of the neoplastic tissue; comparable weights in 10 normal young females were 0.44 to 0.99 gin., the median being 0.68 gm. These tumors did not produce hypertension; in 8 dogs the mean arterial blood pressure ranged from 130 to 150 mm. of mercury.
The hypophysis was usually large in females with breast tumor, varying in weight from 0.034 to 0.181 gin.; median weight 0.086 gm. The ovaries in 4 dogs weighed 10 to 27 gm. and contained many cysts. Omitting those with large cysts the median ovarian weight was 0.7 gm. as compared with a median weight of 0.34 gm. in normal young females.
The Pathology of Mammary Tumors.--The breast tumors are usually multiple; in 31 dogs, 120 mammary growths of appreciable size were counted--merely a first approximation since there many tiny tumors impossible to count. The abdominal breasts were involved more extensively than the thoracic ones. We designate the most caudal mammary gland as breast 1 and the most cephatad as breast 5; the tumors were located as follows: Breast 1, 36 tumors " 2, 36 " " 3, 21 " " 4, 18 " " .5, 9 "
The tumors varied from solitary cysts in 5 dogs to large solid tumors weighing 1600 gm. Bone was detected in tumors of 8 dogs; it occurred either as minute spicules or as large dense collections of agglutinated spheroids or radiating paraUel plane surfaces. Cytologically three distinct patterns were recognized, sometimes in combination in the same dog. Type 1 consisted of large amounts of connective tissue growing in apparently disordered fashion as in a sarcoma ( Fig. 1 ) and containing small cysts or solid masses of ceils: in this tumor myxomatous tissue, cartilage, and bone were found. The other types had much smaller fibroblastic components. Type 2 was composed of solid sheets of epithelial cells (Fig. 2 ) while in type 3 the cells formed cysts with papillomatous processes growing therein and having a columnar epithelium with oval nuclei (Fig. 3) . In lactating dogs, the smaller cysts (Fig. 5 ) excreted milky fluid but secretion of milk by the papillomatous cysts was not observed (Fig. 6) .
Metastases were present in 4 dogs; the lungs were involved in all four and the liver in addition in 1 dog. All of the metastases were intracystic papillary epithelial tumors, free from bone, cartilage, and disoriented connective tissue.
Bone Formation in Mammary Cancer.--In 2 dogs, papillomatous cysts were excised, opened, and sutured with the epithelium facing the sheath of the muscle, rectus abdominis, at some distance from any tumor; the wounds were sutured and the specimens recovered in 21 days. In both instances the epithelinm survived and small spicules of bone were found in histological sections adiacent to new epithelium. It had been previously shown that certain epithelia, for example that of the urinary bladder, are capable of inducing bone formation in the parietal connective tissues of dogs (25) .
Chemical Characteristics.--Fluid could be expressed from the nipple overlying a mammary tumor in 19 dogs. The secretion was usually rusty brown in color although in a few dogs it was milky and in several it was clear and serous. Many macrophages containing fat, the colostrum corpuscles, were found in this secretion, in numbers 1,000 to 120,000 per c. ram. The milk of dogs suckling their young rarely contains any colostrum corpuscles, but before parturition and after weaning these cells are present in numbers as large as 100,000 per c. mm.
Solids, fat, calcium, and citric acid were decreased with respect to the normal milk of dogs (Table I) although the citric acid concentration to (33 to 50 rag.) was much increased over that of serum (average 1.8 mg. per 100 cc.). Chlorides and alkaline phosphatase were increased above the normal milk values.
Acid and alkaline phosphatase activities of the serum were determined in 22 dogs with mammary tumor, 51 normal dogs, and 12 senile male dogs with tumors of the testis. Acid phosphatase values were similar in all groups. Alkaline phosphatase was increased above the highest value of normal dogs in 63. (Table II) . In 8 dogs with mammary tumors, in which this phosphatase was considerably elevated, the enzyme activities were studied at 2 day intervals for 3 months; in 5 dogs the values remained nearly stationary at high levels; in 2 dogs the values after several weeks returned to normal and in 1 dog there was a sharp rise 3 days before death. The enzyme levels were not affected by the administration of diethyl stilbestrol, 3 nag. each week for 4 weeks.
Relation of Lactation to Weaning.--The time after weaning when no secretion could be expressed from the mammary papillae was determined in 10 dogs; it varied from 16 to 55 days, the median time being 22 days. Mammary secretion of all normal dogs always ceased completely after weaning; in 2 dogs it recommenced spontaneously 3 and 4 weeks after complete cessation. In 3 dogs with breast tumors lactation was much more prolonged than in the normal dogs, and milk was secreted for 64, 84, and 125 days respectively. The termination of lactation was not sharp since there was pathological secretion from the tumors. 
The Effects of Ovariectomy and Suprarenalectomy on Lactation
Unless milk could be expressed from the breast, prolactin, 15 rag. daily, was injected for 3 days: the appearance of milk proves that mammary tissue is functionally mature. In dogs capable of responding to prolactin, milk appeared on the last day of injection or within 24 hours thereof; lactation usually lasted 7 or 8 days.
Intact Parous Dogs with Mammary Secretion.--A. Six were tested; none had Secretion before prolactin administration; all lactated freely after injection.
The Influence of Ovariectomy.--B. The ovaries were removed from 15 normal dogs and they were tested with prolactin after many days. Bt. Six of the normal dogs had the spontaneous mammary secretion of pseudopregnancy which persisted after ovariectomy for 73 to 120 days; it is possible that the secretory process would have lasted for longer periods since there was no slackening of secretion when the observations were terminated. B2. Nine normal dogs had no milk after ovariectomy and were injected with prolactin. B2a. Six of these dogs had no lactational response 59 to 94 days after ovariectomy. B2b. Three dogs lactated 87, 118, 306 days respectively after ovariectomy.
C. The ovaries were removed from 8 dogs with mammary tumors. C1. Four dogs lactated spontaneously for 38, 57, 70, and 93 days after castration. C~. Four dogs did not lactate after ovariectomy and were tested with prolactin injections; all lactated at 58, 101, 106, and 106 days after removal of the ovaries. At 207 days one of these dogs (6-95) was tested again and slight lactation observed; at 283 days after ovariectomy lactation could not be induced by prolactin in this dog. The secretion of milk was induced in dog 25, 93 days after castration, but did not occur 50 days later when injected with prolactin.
The Influence of Ovariectomy and Suprarenalectoray.--D. Three normal dogs
and 4 with mammary tumors were subjected to these procedures and injected with prolactin; in an additional dog suprarenalectomy only was performed. The results are shown in Table IrL Involution of the breast in dogs occurs in localized areas; some breasts retain their secretory potency while adjacent glands lose it (Table IV) . Usually the abdominal breasts retain the capacity to secrete milk longer than the glands of the thoracic region; mammae which contain tumors usually retain their lactational function longer than others, although the tumors themselves seldom secrete milk as concentrated as the normal.
Failure of Estrogen and Progesterone to Reconstitute Atrophic Breast.--E.
Three dogs (from section B2~ above) did not lactate following prolactin injections 91 to 94 days after ovariectomy; all were injected with diethyl stilbestrol, 11 mg3 in 21 days and again with prolactin; there was no secretion. F. These dogs were then injected with diethyl stilbestrol, 7 mg. and progesterone 3 80 rag. in 36 days and again tested with prolactin; none lactated. Biopsy of the uterus at the end of injection showed that the uterine epithelium was in a florid progestational stage. As control, 2 ovariectomized dogs which retained the ability to secrete under the stimulus of prolactin were not injected with the fat-soluble hormones but were tested with prolactin in the same sequence as those injected with the estrogen and progesterone; each lactated following testing.
TABLE IV
Extent and Sites of Lactational Response to Prolactin after Ovariedomy
The breasts are identified by serial numbers; 1 is nearest the inguinal region and 5 is most cephalad. An asterisk signifies the site of mammary tumor. 
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DISCUSSION
The increased alkaline phosphatase of serum which occurred in 63.6 per cent of dogs with mammary tumor could not be used as an index of neoplastic activity, since successive estimations of the enzyme sometimes showed unexplainable decreases to normal values without evident changes in the tumor; also injections of hormones known to stimulate mammary activity (diethyl stilbestrol, 1 mg. daily for 30 days) failed to influence the curves of enzymatic activity. At the present time, all increases of this enzyme can be correlated satisfactorily with increased osteoblastic activity (37) or hepatopathy (38) .
The chemical analysis of the secretion from mammary tumors showed a considerably decreased content of solids and fats and calcium with respect to normal milk. Chlorides were increased to the levels of serum chlorides. Compared to milk, citric acid was decreased in concentration although it was many times increased above the content of blood plasma. This increased citric acid and the presence of colostrum corpuscles in as large number as are found when the breast is functioning inadequately (early lactation before parturition or late after cessation of suckling) warrant regarding this tumor secretion as a thin milk.
The frequent occurrence of bone in primary mammary tumors of dogs while it is absent in metastases can be explained by the direct osteogenic stimulation of connective tissues by the tumor tissue. It has been shown that there exist functionally different types of connective tissue with respect to ossification through the influence of transplants of the epithelium of the urinary bladder; in certain regions, notably the abdominal and thoracic wall, fibroblastic areas readily ossify when exposed to this epithelium whereas the connective tissue cells of liver, spleen, and lung (25, 26) do not form bone under these circumstances. Transplantation of the mammary cancerous cysts to rectus sheath stimulated bone formation in areas closely adjacent to the epithelium--a pattern reproducing the effect of urinary bladder transplants in a small way. No doubt other effects of epithelial stimulation of connective tissue by these tumors occur; the apparently disordered appearance of the connective tissue (suggestive of sarcoma) together with the total absence of this occurrence in spontaneous metastatic transplantation to the liver and lung show that the tumor exerts a proliferating effect on the ventral connective tissue not operative in liver and lung. Myxomatous tissue and cartilage rarely occur in connection with the metaplasia induced by urinary mucosal transplants.
The finding of cortical tumors of the suprarenal gland in all of the dogs with mammary tumor is of interest. Goodpasture and Wislocki (42) first observed the great frequency of tumors of suprarenal cortical tissue in senile dogs. Little, Wooley, and Fekete (39-41) removed the gonads of newborn males and females from mice of the dilute brown strain, a strain with a high spontaneous incidence of mammary tumors in tile females, and observed after some months nodular hyperplasia of the suprarenal cortex and extensive growth of the mammary gland with a high incidence of mammary tumors. In dogs, we find that the cortical suprarenal tumors are apparently of the same size and type in both intact males and females; mammary tumors while commonly observed in females have not been observed by us in several thousands of male dogs. The great rarity of mammary cancer in intact males with suprarenal tumor does not of course exclude these tumors from a part of importance in connection with mammary tumor in females; the anti-tumorigenic capacity of androgens against estrogenic carcinogenesis has been demonstrated by Lacassagne (43) and Lipschfitz and Vargas (44).
Cramer and Homing (54, 55) have reported a histological difference in the suprarenal cortex of inbred mice of strains with a high incidence of spontaneous mammary cancer in the females from the pattern observed in those with low incidence; in the strain of high incidence in both sexes there occurred a "brown degeneration" or lipoid band in the suprarenal cortex encircling the medulla. These changes were not detected in the suprarenals of dogs with mammary tumor and are clearly different from the cortical suprarenal tumors which we encountered.
From the standpoint of hormones the breast is an indicator of some complexity about which, nevertheless, m{lch is known; the breast and its growth are known to be directly affected by the hormonal function of ovary, suprarenal glands, and the hypophysis. Loeb (45) showed that castration at an early age greatly decreased the incidence of mammary tumors in a strain with a high spontaneous incidence. Lacassagne (46) first produced mammary cancer in susceptible mice by the use of estrogen. The effect of cortical tumors of the suprarenal (39-41) in mice of the dba strain has been mentioned. The pituitary gland is known to produce the protein hormone prolactin (47) which produces lactation in the previously adequately prepared breast. The studies of Turner and colleagues (48) (49) (50) have presented evidence that under the influence of estrogen the anterior hypophysis elaborates a lipid-soluble hormone, mammogen, which stimulates mammary growth.
Marshall and Halnan (4) have presented evidence that the extensive pseudopregnant lactation of the dog is related to the prolonged retention of corpora lutea in the ovaries. In the absence of the ovaries, the failure of large amounts of progesterone to reconstitute the atrophic breasts of dogs after estrogenic "priming" shows that other specific factors are required beside progesterone and estrogen for growth of the breasts adequate for lactation to occur.
The effect of ovariectomy on the breast depends on whether or not the breast is lactating. In non-pregnant guinea pigs (33) ovariectomy prevented mammary proliferation; in the rabbit (34) ovariectomy caused involution so extensive that the formerly completely developed mammary gland was reduced to a prepuberal type incapable of stimulation by the lactogenic hormone. The results of ovariectomy on the lactating breast however, are different. It has been reported (31) that T. Winn, an American farmer, first observed that milk production may continue for several years in castrated cows; in the goat (32) ovariectomy caused a decrease of milk for several days followed by return to normal or increased values. In the rat and guinea pig (31) castration does not noticeably modify the condition of the lactating mamma; the involutionary effects of ovarian removal however become manifest when suckling ceases; likewise in the mouse (36) ovariectomy has no effect on post-parturitional atrophy.
Suckling in many animals is a potent stimulus for lactation; it has no doubt been observed for centuries that failure to nurse leads to cessation of milk in the human and other species; also after weaning post-parturitional lactation ceases in normal dogs. In discussing the relative effects on the breast of castration and weaning, Kuramitsu and Loeb (31) concluded that the cessation of nursing had the more profound and dominating involutionary effect. It is desirable to point out however that failure to suckle does not inevitably cause cessation of lactation: in the pseudopregnant physiological lactation of virgin dogs where suckling is not enacted we have observed lactation, small in amount it is true, continuing for more than 4 months.
There have been many physiological investigations concerned with milk production where the primary interest was adequacy to nourish the young; for example many investigations (29, 51, 52) have shown that milk is produced but in deficient amounts following suprarenalectomyin nursing rats. Workof this type differs in motive from the present study which regards the production of milk--in any amount--as a sign of functional maturity of mammary tissue. It is axiomatic that the ability to secrete milk signifies that the breast has not undergone great involution. The fear was not realized that repeated injections of the protein hormone, prolactin, would lead to formation of antibodies which could inactivate the stimulant; we have made as many as 5 series of injections of prolactin in one dog in 6 months with resultant copious lactation on each testing.
Dogs can be classed in 2 groups with respect to mammary involution after ovariectomy. Group 1 consists of adult females which do not produce milk under the stimulus of prolactin, 3 months after castration; in this group were many females recently parturient and weaned--clear evidence of recent functional adequacy; mammary secretion was not present at the time of removal of the ovaries. Group 2 consists of dogs which lactate after prolactin stimulation more than 3 months after ovariectomy; in this group are all dogs with breast cancer, all with pseudopregnant lactation, and some others including dogs recently parturient, in which it was known that the breast had been mature in that they were weaned but without mammary secretion at the time of ovariectomy. The capacity to secrete persisted in some cases for 6 months, at which time the observations were terminated. Removal of the suprarenal glands did not modify lactation in dogs with prolonged lactation or a lactational potential after removal of ovaries.
Thus it is demonstrated that the mammary glands of certain dogs, including those with mammary tumor, tenaciously retain the capacity to secrete for prolonged periods after removal of ovaries and suprarenals. It is impossible to say whether this retention of functioning capacity is due to endocrine influences, or whether the breast is no longer dependent on hormones; it is possible to say that the ovarian and suprarenal functions are dispensable for the maintenance of mature breast tissue in some dogs for long periods. Thus, due to retention of the lactation potential, dogs with breast cancer, even though lactation is not present, physiologically resemble ovariectomized cows or goats which are being suckled or milked, where ovarian removal fails to arrest breast function. Lactation and the ability to lactate when stimulated by prolactin, while prolonged in dogs with breast cancer after ovariectomy, were not of indefinite duration; the capacity of areas of the breast, uninvolved by tumor, to lactate was generally lost 5 to 9 months after removal of the ovaries.
The breast of dogs does not involute in an all-or-none fashion but undergoes regional atrophy. The retention of a secretory potential, signifying some degree of functional maturity, is retained in some breasts when it is lost in others. The abdominal breasts usually but not always retain this capacity longer than those of the thoracic region. Thus local conditions determine function and involution to an appreciable extent. It is of interest that mammary tumors were also more common in the hind breasts where involution is slower than in the thoracic region.
In brief, in certain dogs regions of the mammary glands uninvolved by tumor fail to undergo great involution for prolonged periods after the ovaries and suprarenal glands have been removed.
SUMMARY
Spontaneous mammary tumors occur in middle aged or senile dogs and are of three principal pathological types; a diffuse epithelial and connective tissue overgrowth often with associated cartilage and bone; solid masses of epithelial cells; intracystic papillomatous tumors. The metastases in this series were always composed of papillary carcinomatous cysts; this tissue in transplants to abdominal connective tissue induced epithelial osteogenesis. All of the dogs with mammary tumors had lipid-rich suprarenal cortical tumors.
The tumors frequently secrete a dilute milk with citric acid content considerably increased above serum levels; large numbers of colostrum corpuscles are present in this fluid. After weaning, normal parturient clogs undergo a complete cessation of mammary secretion; lactation persists considerably longer in dogs with mammary tumor than in normal dogs. Absence of suckling does not eliminate lactation in pseudopregnancy.
The failure of the breast to lactate under the stimulus of prolactin signifies a lack of physiological maturity. The breasts of mature dogs have two types of response to ovariectomy; either great physiological involution results or lactation, actual or potential, is retained in areas for at least 3 to 6 months. Those in which excision of the ovaries does not cause prompt and great involution of the breast include all dogs with mammary tumors, all with pseudopregnancy, and certain dogs, presumably normal which we are unable to characterize further at this time. Excision of the suprarenal glands in addition to the ovaries usually did not completely eliminate lactation or the lactational potentia].
CONCLUSION
In the majority of adult female dogs removal of the ovaries eliminates the ability of the breast to lactate. In others, however, ovariectomy or combined J excision of ovaries and suprarenals does not abolish the ability of areas of the breast to lactate for many months. Those dogs in which ovariectomy was inefficient in abolishing secretion included: all dogs with mammary neoplasm, those with pseudopregnancy, and certain other mature dogs superficially normal but as yet uncharacterized otherwise. The dogs studied which had breast tumors maintained the capacity for mammary secretion for prolonged periods in the absence of ovaries and suprarenals; in these dogs lactation and the capacity to lactate when stimulated with prolactin, while prolonged, were not indefinite in duration and ceased about 5 to 9 months after ovariectomy. 
EXPLANATION OF PLATES
